The accurate positioning of the components in total hip arthroplasty (THA) is important to optimise functional outcomes and to reduce the incidence of complications including dislocation, impingement and wear. [1] [2] [3] [4] [5] [6] Several authors have studied the optimal position of the components. Lewinnek et al, 7 in 1978, defined a 'safe zone' for positioning the acetabular component, reporting that if it was implanted in a position of about 15°( standard deviation (SD) 10) of anteversion and 40° (SD 10) of inclination, the risk of dislocation was minimised. More recent studies [8] [9] [10] of the anatomical, clinical, and tribological factors, have refined these parameters, establishing a target value for anteversion of the femoral component of 15° (SD -10), which in turn has allowed the definition of 'safe' combined anteversion of 30° (SD 10). Several authors 11, 12 have further studied the position of the components and have reported substantial variation of position (whether or not computer navigation was used), although most components were within the 'safe zone'. [13] [14] [15] All these studies, however, investigated THA performed through a posterior approach, and in each patient, the position of the components was analysed in a supine position using CT. The position of the acetabular component when standing, which is the position during which most activities of daily living take place, is likely to be substantially different from that recorded in the supine position, 11 and differences in surgical approach are likely to have an impact on the position of the components.
The primary aim of this single-centre prospective cohort study was a descriptive radiological analysis of the positions of the acetabular and femoral components following THA performed using the anterior approach, and to compare these with the positions recommended in previous studies. We had two secondary objectives. The first was to report the degree of variation in acetabular anteversion depending on how it was measured, and the second was to compare the position measured using an imaging system and that reported by the surgeon on the basis of intra-operative landmarks. Our hypothesis was that an anterior approach would result in greater anteversion of the acetebular component than is recommended in the literature (Fig. 1 ).
Patients and Methods
This prospective study was carried out between January 1 and April 31, 2014, in a single department. Following approval by the local ethics committee, all patients aged > 18 years scheduled for primary THA, for any indication, were included. We followed guidelines for reporting observational studies according to the Strengthening the Reporting of Observational Studies in Epidemiology guidelines. 16 A total of 102 patients (103 hips) were included. One additional patient was entered into the study but subsequently excluded as she was unable to stay in a standing position for the imaging. There were 46 men and 56 women with a mean age of 64.7 years (SD 12.6), and a mean body mass index (BMI) of 26.3 kg.m -2 (SD 4.6). Most patients (74; 72%) underwent surgery for primary osteoarthritis. For most, it was the first lower limb arthroplasty procedure that they had undergone; 19 (18%) had previously undergone a contralateral THA, and two (2%) had undergone ipsilateral total knee arthroplasty (TKA). The mean length of stay was 6.2 days (SD 1.1).
All operations were performed under general anaesthetic by one of seven surgeons with varying levels of experience, using a Hueter-anterior approach. 17 Patients were positioned supine on a traction table. All hips were templated pre-operatively using plain radiographs, and the components were positioned on the basis of anatomical landmarks intra-operatively. Patients were draped to allow access to both anterior superior iliac spines (ASISs) for referencing. Surgeons aimed to position the acetabular component at an inclination of 40° relative to a straight line drawn between the ASISs (Fig. 2a) , and at anteversion of 15° relative to a horizontal plane (Fig. 2b) . The anterior pelvic plane (APP) was considered to be horizontal once the patient was positioned on the traction table. Anteversion of the femoral component was estimated by palpation of the knee (transepicondylar axis and patellar direction).
Acetabular components and bearing surfaces differed according to the patient's functional requirements and the surgeon's preference. Three designs of component were used: a metal-backed shell with alumina ceramic bearing surfaces (Dynacup, Tornier), a polyethylene component with titanium plasma coating (RM, Mathys, Bettlach, Switzerland), and a dual mobility acetabular system (Mobility, Tornier). A quadrangular, cementless, fully hydroxyapatitecoated femoral component (Meije, Tornier Inc., Edina, Minnesota) was used in all patients.
The position of the components was assessed using the EOS system (EOS imaging company, Paris, France), which has been extensively evaluated and validated for the assessment of the position of components in THA. [18] [19] [20] This system involves four-times less radiation than standard radiography, and ten-times less than CT. [21] [22] [23] An added advantage is that it allows the assessment of the position of components with the patient standing. As a result, as well as allowing the 'anatomical' position of the components to be analysed with reference to the APP as described by Lewinnek, 7 the 'functional' position can be measured with reference to the patient plane (PP), which is the coronal plane passing through the centre of the femoral head. 24, 25 EOS radiographs were acquired on the day before surgery and just before discharge. Acquisition was performed in a standardised position, with the patients standing with their lower limbs held in a staggered position. Pre-and post-operative images were analysed with the SterEOS 3D software by a single surgeon (AM), who had been trained in using the program. On the pre-operative radiographs, the pelvic parameters (pelvic tilt, sacral slope and pelvic incidence), limb length, torsion of the femoral neck, femoral offset, and the cervico-diaphyseal (CCD) angle of both lower limbs were recorded (Fig. 3a) . Postoperatively, in addition to these parameters, the position of the components was analysed and recorded ( Fig. 3b) . Torsion of the femoral neck and version of the femoral component were measured in relation to the posterior condylar plane of the femur.
In order to assess the reliability of the radiological measurements, the same surgeon repeated 10% of his measurements (to determine the intra-observer reliability), and an additional examiner (GL) analysed 10% of the series to determine the inter-observer reliability.
Immediately following surgery, and before clinical monitoring of limb lengths and post-operative radiography, the operating surgeons were asked to estimate the position of the acetabular component on the basis of their intra-operative findings. These subjective data were collected to assess the accuracy of the surgeons' perception of this position, as assessed using the instrumentation and their anatomical landmarks of choice. The surgeons evaluated the anteversion and inclination of the acetabular component, and the anteversion of the femoral component, and categorised the position of these components into three classes (for example, the acetabular version was described as being either anteverted, neutral or retroverted). The surgeon-reported positions of the component were then compared with postoperative measurements using EOS. Statistical methods. Descriptive statistics were performed (means and SDs or medians and interquartile ranges for continuous data, depending on whether or not they were normally distributed; proportions and percentages for categorical data). Functional and anatomical anteversion were compared using paired t-tests. Factors which predicted differences between anatomical and functional anteversion were assessed using linear regression. Factors included age, BMI and pelvic parameters. The reliability of measurement was assessed using the intra-class correlation coefficient (ICC). 26 The degree of agreement between the surgeons' perception and the measured position of the component was assessed using Cohen's kappa coefficient.
Results
Pre-operatively, the mean femoral CCD angle on the operated side was 125° (SD 5.8), the mean torsion of the femoral neck was 14° (SD 10), and the mean offset was 41 mm (SD 6.7). The mean length of the femur did not differ from that on the contralateral side (Table I) .
Post-operatively, the mean inclination of the acetabular component was 39° (SD 6.1). The mean anatomical anteversion was 30° (SD 10.6), and the mean functional anteversion was 30.8° (SD 8): overall, the acetabular anteversion was similar when measured using each technique (p = 0.74). However, despite the similarity in the measurements, there was > 10° difference between the anatomical and functional measurements in 23 patients (22%). The overall absolute mean difference between measures was 7°( SD 5, Fig. 4) . The only factor which predicted the degree of difference between anatomical and functional measures of anteversion of the acetabular component in the multivariable regression model was the degree of pelvic tilt (p <0 .001); age appeared to be a predictor but did not have a statistically significant effect (p = 0.09) (Fig. 5) .
The mean anteversion of the femoral component was 20°( SD 11), and the mean combined anteversion was 50°( SD 17). The operated femur was lengthened by a mean of 4 mm (SD 4) and the femoral offset increased by a mean of 3.7 mm (SD 6). The overall length and offset were not calculated because the version of the software that we used, was not able to estimate the position of the acetabular component in space. The mean difference between preoperative femoral torsion and post-operative anteversion of the femoral component was 6.6° (SD 10.2, Table II), with the femoral component being more anteverted than the native femur (p < 0.001). The overall level of intra-observer and inter-observer agreement was good (ICC > 80) in all measures (Table III) .
The surgeons' intra-operative assessment of the position of the component correlated poorly with the true position as measured post-operatively. Depending on the measure being compared, the level of agreement ranged from 38% to 85%, (Table IV, kappa < 0.2), with the degree of anatomical anteversion of the acetabular component being particularly difficult to estimate accurately intra-operatively.
Discussion
We found that the mean anteversion of the acetabular component in THA performed via the anterior approach was greater than that suggested by Lewinek in his study using the posterior approach, 7 whether measured using an anatomical or functional method. The excessive anteversion observed with the anterior approach could explain the lower reported rate of posterior dislocation. 7 It also decreases the risk of impingement of the psoas tendon against the rim of the acetabular component. 27, 28 We have not observed a high rate of anterior dislocation, which may be a result of the use of an anatomical, muscle-preserving surgical approach. This is not a comparative study, and a future study comparing the degree of anteversion and risk of dislocation in different approaches would be helpful. The femoral component was appropriately anteverted when compared with previous studies. [7] [8] [9] [10] However, the femoral component (mean 6.6°; SD 10, -18° to 36°). It is not known whether this difference is clinically relevant, but it raises questions as to whether we should use the same reference values for every patient, or whether we should be guided by the patient's native anatomy. While there was no overall difference in mean acetabular anteversion when measured using the two different planes, many patients had a marked difference in acetabular version depending on the method used. Almost a quarter of the patients had a difference of > 10° between the two measures. The most extreme case was a woman with marked pelvic retroversion (pelvic version = 37°, sacral slope = 35°), in whom anatomical anteversion was measured at 5° and functional anteversion at 45°. It is not clear whether, in such a patient, it would be more suitable to aim for an appropriate acetabular position using the functional or the anatomical measure. The use of the functional reference plane is controversial. 18, 19, [30] [31] [32] [33] A study in the seated position could also be important as dislocation may be more likely while seated. 18 In this study, we attempted to determine which patients were likely to have large differences between the anatomical and functional measures of anteversion, finding only that the degree of pelvic tilt was a significant predictor (p < 0.001). In our practice, patients with abnormal pelvic tilt, who are usually elderly, receive a dual mobility acetabular component because of the potential for dislocation. In order to identify those with abnormal pelvic tilt, a preoperative standing lateral pelvic radiograph is obtained in all patients. 34 Analysis of the surgeons' perceptions showed that it is difficult to correctly assess anteversion of the acetabular component using instrumentation and anatomical landmarks alone. As in TKA, while not without its drawbacks, 35, 36 computer-assisted navigation has proved to be effective in reducing variations in the position of components and in reducing the number that fall outside the safe zone. Analysis of plain radiographs does not allow the accurate analysis of anteversion of the acetabular and femoral components. Three-dimensional imaging, such as EOS, allows such assessment at a relatively low cost and low dose of radiation.
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This study had two main limitations. While the results both reflect the reliability of the EOS imaging system to measure the position of the components (ICC > 0.8) and confirm findings in the literature, 18, 19 the reliability is slightly lower for the measurement of anatomical anteversion of the acetabular (ICC = 0.89; 0.66 to 0.97) and femoral components (ICC = 0.88; 0.63 to 0.97). These measurements require more precise identification. For anatomical anteversion of the acetabular component, anterior and lateral identification of the ASISs are difficult to obtain in overweight patients who made up half of our sample. Furthermore, in patients with a contralateral THA, the superimposition of the two acetabular components makes it difficult to visualise the one in question. For anteversion of the femoral component, overlap of the two knees can lead to difficulties in identifying each femoral condyle. In order to respond to these issues, improvements in image processing are under way. The second limitation concerns the post-operative measurements of femoral offset and length. The version of the SterEOS 3D program used at the time of analysis did not take into account spatial positioning of the centre of rotation of the THA and as a result, these measures cannot currently be derived. Generally, a tendency towards medialisation and elevation of the centre of rotation of THA is noted, compared with that of * In the population without total knee arthroplasty homolateral to the total hip arthroplasty (THA), nor with contralateral THA making it impossible to obtain reliable assessment of femoral torsion (n = 83) SD, standard deviation; PP, patient plane; APP, anterior pelvic plane patients' pre-operative hip. In our series, the offset and femoral lengthening may thus be deemed to be compensated for by this phenomenon. This study has demonstrated that, compared with previous studies of the posterior approach, THA performed through an anterior approach tended to result in a greater degree of anteversion of the acetabular component. While the mean acetabular anteversion was similar if measured using anatomical and functional methods, some patients had substantial differences in positioning using the different methods of measurement. If these results are confirmed by otherlarger multicentre studies, and considering that the anterior approach is intended to reduce the incidence of dislocation, future studies should aim to define a new 'safe zone' for positioning the acetabular component, using both anatomical and functional measures, when this approach is used. 
